A strain of the starch-converting yeast Lipomyces kononenkoae produced, when grown on starch, a debranching enzyme that proved to be an isoamylase (glycogen 6-glucanohydrolase; E.C. 3.2.1.68). So far, only bacteria have been found to produce extracellular isoamylases. The yeast isoamylase enhanced Iamylolysis of amylopectin and glycogen and completely hydrolyzed these substrates into maltose when combined with a p-amylase but had no action on dextran or pullulan. By isopropanol precipitation and carboxymethyl cellulose chromatography, L. kononenkoae isoamylase was partially purified from the supernatant of cultures grown on a mineral medium with soluble starch. Optimum temperature and pH for activity of the isoamylase were 30°C and 5.6. The molecular weight was around 65,000, and the pI was at pH 4.7 to 4.8. The Km (30°C, pH 5.5) for soluble starch was 9 g liter-.
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Enzymes which hydrolyze the ct-D-(1-*6) glucosidic linkages in amylopectin and glycogen are of two types: isoamylase (E.C. 3.2.1.68) and pullulanase (E.C. 3.2.1.41). They differ mainly in that the latter can hydrolyze pullulan. The utilization of novel enzymes in the starch industry includes the enzymatic production of longand short-chain amyloses, a process in which debranching enzymes are used, and the potential production of high-maltose syrups and highly purified maltose by a combination of debranching enzymes and 3-amylase (1) . Several bacteria have been described as producers of isoamylase: Pseudomonas amyloderamosa (2), Cytophaga sp. (7), Escherichia coli (9), Bacillus amyloliquefaciens (22) , and Flavobacterium sp. (18) . Maruo and Kobayashi (17) reported that an isoamylase is present in autolysed brewers' yeast; this intracellular enzyme has also been found in bakers' yeast (6) , forming part of the debranching system necessary for the metabolization of storage glycogen. Lee et al. (14) described a bakers' yeast intracellular multienzyme system capable of hydrolyzing glycogen by a different pathway.
The yeast Lipomyces kononenkoae produces an extracellular starch-degrading system permitting growth on starch with very high biomass yields (20) . Here we report on an extracellular isoamylase produced by a strain of L. kononenkoae. So far, the production of extracellular isoamylases by eucaryotes has not been reported.
MATERIALS AND METHODS
Culture conditions. L. kononenkoae IGC 4051 (CBS 2514) was grown in 500-ml Erlenmeyer flasks, each of which contained 200 ml of a mineral medium supplemented with vitamins (23) and soluble starch (1% [wt/ voll; Difco Laboratories) for 5 days at 25°C with stirring (150 rpm). Media were inoculated with young stock cultures grown at 25°C on agar slants of peptoneyeast extract-starch medium and maintained at 17°C.
Enzyme purification. The cells were removed by centrifugation at 8,000 rpm, and the pH of the cell-free supernatant was adjusted to 5.5 with 0.5 N NaOH. The supernatant volume was then reduced to about onehalf with an ultrafiltration cell (Amicon Corp., Lexington, Mass.) fitted with a PM-10 membrane. One volume of cold isopropanol (4°C) was slowly added to the concentrated fluid, and after 15 min, the precipitate was removed by centrifugation (5,000 rpm, 10 min). The pellet was resuspended in a minimal volume of 0.05 M citrate-phosphate buffer (pH 5.5), and the suspension was applied to a CM-32 (Whatman) column (1.3 by 6 cm), which was equilibrated with the same buffer at room temperature. After loading, the column was washed with buffer followed by a linear gradient of NaCl (0/0.5 M). Fractions (2 ml) were collected at a rate of 8 ml h-1 and tested for activity and protein. Fractions 24, 25 , and 26 were pooled, and the pooled fraction was used for characterization of the enzyme.
Analytical methods. Assay methods used by other workers (6, 17) were modified for my purposes. Isoam- ylase activity was followed with soluble starch and oyster glycogen by determining the increase in iodine staining power. The standard assay consisted of adding 1 ml of soluble starch (1% [wt/vol]) to 0.5 ml of enzyme solution and incubating the mixture at 40°C.
At intervals, 0.2-ml aliquots of the reaction mixture were taken and mixed with 2-ml aliquots of iodine When oyster glycogen was used, 1.5 ml of substrate solution (1% [wt/vol], Sigma Chemical Co.) was mixed with 0.5 ml of enzyme solution, and the mixture was incubated at 40°C. At intervals, 0.5-ml aliquots of the reaction mixture were taken and mixed with 1-ml aliquots of iodine solution, and each mixture was diluted to 2.5 ml with demineralized water. The spectra of the resulting solution were recorded with a model 552 spectrophotometer connected to a model 561 recorder (both from the Perkin-Elmer Corp.). Activity was estimated by integration of the curves corresponding to the absorption maxima of the iodine complex color before and after treatment with the enzyme and calculation of the difference.
Growth of the yeast was determined by measurement of optical density at 640 nm.
Protein was estimated by the method of Lowry et al. (15) . Reducing sugar was determined by the 3,5-dinitrosalicylic acid method (4). Molecular weight determination was performed on a 0.5-m Bio-Gel A (BioRad Laboratories) column (1.5 by 75 cm), which was equilibrated with 0.05 M citrate-phosphate buffer (pH 5.5)-i M NaCl, using adequate standards (3) . Disc gel electrophoresis with polyacrylamide gels (7%) which contained 0.25% (wt/vol) amylopectin (Serva Feinbiochemica) was carried out at 3 mA per tube for 2 h with Tris-glycine buffer (pH 8.2). After electrophoresis, proteins were detected in one gel by staining with 0.25% Coomassie blue (Sigma). A duplicate gel was incubated in 0.05 M citrate-phosphate buffer (pH 5.5) at 30°C for 30 min, and enzymatic activity was detected by dipping the gel in iodine solution. A third gel was stained for detection of glycoproteins (26) , and a fourth gel was cut into 5 mm-slices, each of which was crushed into 2 ml of 0.05 M citrate-phosphate buffer (pH 5.5) and left overnight at 4°C; the extracts were then assayed for isoamylase activity. Isoelectric focusing was carried out with 5% polyacrylamide gel tubes (pH 3 to 6) at an initial current of 4 mA per tube for 2 h. After focusing, the pH values along the gel and the isoamylase activity in the 5-mm gel sections were determined.
Paper chromatograms of the hydrolysates of panose (2% [wt/vol], BDH) with isoamylase were run in descending direction on Whatman 3MM filter paper at room temperature, with n-butanol-acetic acid-water Fig. 1 in the supernatant and subsequent preparations, was excluded by this procedure: no glucose production was observed after a 1-h reaction time under standard conditions. Disc gel electrophoresis, carried out with the enzyme preparation obtained by isopropanol precipitation, gave a protein band coresponding to the position of a debranching activity (purple zone on a pale blueblue background). A band in the same position evidenced the presence of a glycoprotein. The molecular weight of the isoamylase, estimated with a 0.5-m Bio-Gel A column, was about 65,000. Gel isoelectric focusing of the same enzyme solution used for disc gel electrophoresis gave a pI value of 4.7 to 4.8, consistent with a protein band containing isoamylase activity. Under standard assay conditions, the optimum pH for activity was around 5.6 (Fig. 2) , and the optimum temperature was around 30°C (Fig. 3) .
Although the simultaneous actions of L. kononenkoae isoamylase and 3-amylase caused complete degradation of amylopectin and glycogen, 25 to 35% of the 1-limit dextrins of the enzymes were resistant to enzyme action ( Table  2 ). The increase in the iodine coloration of amylopectin and glycogen due to the action of the enzyme is shown in Fig. 4 After growth of L. kononenkoae on the same mineral medium used for isoamylase production but with different carbon sources, isoamylase activity was detected in some of the supematants, dextrin being the best inducer (Table 3 another extracellular amylase-a glucoamylase which contaminated the isoamylase preparation up to CM-cellulose chromatography. The protein concentration in the final isoamylase preparation was very low. This determined the use of the enzyme solution obtained by isopropanol precipitation to verify (by disc gel electrophoresis) the existence of an enzyme which could increase the iodine staining of amylopectin. In this experiment and in the isoelectric focusing experiment, I observed very distinct bands corresponding to isoamylase activity and glucoamylase activity (compared with the former, the latter has a much higher isoelectric point and a different molecular weight).
Incubation of amylopectin 1-dextrin with isoamylase did not increase iodine staining power, although upon incubation with the enzyme, oyster glycogen ,B-dextrin produced a significant increase in the iodine complex color. The incomplete degradation of amylopectin and glycogen ,-limit dextrins by the isoamylase seemed to be due to the inability of the enzyme to hydrolyze the (1--6)-bonded maltosyl residues formed by P-amylase, as shown by the higher extent of degradation when ,-amylase and isoamylase are used simultaneously (1, 6, 10) .
L. kononenkoae isoamylase was not inhibited by P-cyclodextrin, a finding consistent with what has been found for other isoamylases (11, 16) . Although the isoamylases described so far have no action on panose (10, 12) , my results could be ascribed to the different substrate concentrations and reaction times used. The optimum temperature found for the isoamylase activity is similar to that observed for intracellular yeast isoamylase but very low when compared with bacterial isoamylase. The molecular weight was also comparatively low (18) . L. kononenkoae isoamylase was very unstable, even at low temperatures.
Generally, dextrins act as good isoamylase and amylase inducers (8, 13, 21 (25) have given some evidence that the products of starch hydrolysis are the true inducers of a-amylase production by Aspergillus oryzae.
Owing to their specificity, isoamylases are superior to pullulanases for the production of straight-chain dextrins from amylopectin and glycogen, which can be treated with saccharifying enzymes, as is involved in the production of high-maltose syrups (19) , but the comparatively greater instability of isoamylases has hindered the use of these enzymes in industrial processes (1) .
The isoamylase produced by L. kononenkoae IGC 4051 and the extracellular glucoamylase (two isoenzymes), the latter being devoid of debranching activity (unpublished data), account for the high growth yield of the strain on starch (20) .
